A 57-year-old man was referred and admitted to our hospital for treatment of a symptomatic pancreatic mass. Pancreatic arteriovenous malformation (AVM) was diagnosed based on the findings of contrastenhanced computed tomography (CT) and angiography, and transcatheter arterial embolization (TAE) with Nbutyl-2-cyanoacrylate (NBCA) was performed without complications. The patient's symptoms subsequently improved after TAE, and resolution of the pancreatic AVM was detected on contrast-enhanced CT performed six months after the embolization procedure. This case indicates that TAE with NBCA is a safe and effective treatment for pancreatic AVM.
Introduction
Arteriovenous malformation (AVM) of the pancreas is an extremely rare condition. Most patients present with complications such as abdominal pain, signs of acute pancreatitis, gastrointestinal bleeding and portal hypertension (1, 2) . Surgical resection is considered to be a radical treatment for pancreatic AVM; however, transcatheter arterial embolization (TAE) has been performed as an alternative approach in recent years (3) (4) (5) . We herein report the case of a patient with pancreatic AVM who was successfully treated with TAE using means of N-butyl-2-cyanoacrylate (NBCA).
Case Report
A 57-year-old man was referred and admitted to our hospital for a further evaluation of a symptomatic pancreatic mass suggestive of AVM. Three months before the referral, he had experienced severe upper abdominal pain and a backache. Computed tomography (CT) revealed the conglomeration of strong nodular staining in the pancreatic body and tail in the arterial phase (Fig. 1) . Therefore, the patient was referred to our hospital for further investigation and management. He had been diagnosed one year previously with ischemic heart disease, for which he was currently under treatment. However, he had no relevant past history, such as abdominal trauma, pancreatitis or other congenital abnormalities. On a physical examination, no particular findings were noted, except for upper abdominal tenderness, and the laboratory data showed a slight increase in the HbA1c level (6.7%; reference range: 4.7-6.2%). Other parameters, including the levels of pancreatic enzymes and tumor markers, were unremarkable, and imaging tests showed no lesions suggestive of AVMs in any organs except for the pancreas. Esophagogastroduodenoscopy and a barium enema were negative for varices, mucosal lesions and tumors. In order to exclude the possibility of referred pain from ischemic heart disease, coronary angiography was performed, which showed 90% occlusion of the left anterior descending coronary artery. Therefore, percutaneous coronary intervention (PCI) was subsequently conducted. However, following revascularization with PCI, the patient's abdominal pain persisted, being relieved only slightly with opioids. Accordingly, we considered the abdominal pain to be caused by a pancreatic mass suggestive of AVM, which required angiography for confirmation.
The gastroenterologist, surgeons and interventional radiologists discussed the various therapeutic approaches. In general, surgical resection is the definitive treatment for pancreatic AVM. However, we determined that surgery would not be suitable for the patient, as he had just undergone treatment with PCI for ischemic heart disease. Therefore, TAE was proposed and accepted by the patient as an alternative to surgical intervention.
A diagnosis of pancreatic AVM was made on angiography, and TAE was subsequently performed. Angiography of the celiac artery showed racemose vascular networks in the body and tail of the pancreas, with an early venous return to the portal vein ( Fig. 2A) . Via superselective microcatheterization, the branches of the dorsal and transverse pancreatic arteries were embolized with the injection of 0.2 and 0.4 mL of 25% NBCA, respectively. Although angiography performed after embolization showed a residual pancreatic AVM, no early venous return to the portal vein was detected (Fig. 2B ). Three days after the TAE procedure, a repeat CT scan confirmed the presence of embolic material within the pancreatic AVM. Thereafter, the patient had an uneventful clinical course following embolization, and his abdominal pain ceased completely without treatment with opioids. He was subsequently discharged 20 days after the procedure and currently remains asymptomatic with no residual AVMs in the pancreas on CT scans during six months of follow-up (Fig. 3) .
Discussion
Pancreatic AVM was first reported by Halpern et al. in 1968 and is defined as a tumorous formation or vascular anomaly that shunts the blood flow between the arterial and venous systems in the pancreas (6) . An increasing number of cases of pancreatic AVM have been diagnosed due to improvements in imaging modalities. Nevertheless, pancreatic AVM is still considerably rare worldwide, with fewer than 100 cases (1, 7-10) reported prior to 2014. The origin of pancreatic AVM may be congenital, as a remnant of the fetal vascular system, or acquired, as a consequence of inflammation, neoplasms or trauma. Ninety percent of pancreatic AVM cases are congenital, with approximately 10-30% of cases being associated with Osler-Weber-Rendu (OWR) disease, an autosomal dominant syndrome characterized by the presence of mucocutaneous or visceral telangiectasia and AVMs in multiple organs (11) . In the present case, the pancreatic AVM was thought to be congenital due to the absence of acquired factors, such as pancreatitis, neoplasms or trauma, as well as a family history and symptoms of OWR disease. Most cases of pancreatic AVMs are symptomatic, and common symptoms include abdominal pain and upper gastrointestinal bleeding, which may arise from esophageal or gastric varices due to portal hypertension (1). The origin of abdominal pain is unknown, although it may be caused by ischemia, the so-called steal syndrome, with shunting of the blood flow into the AVM from the mesenteric circulation (12) .
The diagnosis is usually confirmed on imaging studies, such as CT, magnetic resonance imaging (MRI), Doppler ultrasonography and angiography. On dynamic CT scans, pancreatic AVM may exhibit strong enhancement and/or the conglomeration of small vascular spots with early contrast filling of the portal vein during the arterial phase (13) . Angiography is most reliable tool for making the definitive diagnosis of pancreatic AVM and is useful for providing subsequent transcatheter therapy. The angiographic findings of pancreatic AVM are characterized by the detection of dilated and tortuous feeding arteries, a racemose intratumoral vascular network followed by transient dense pancreatic staining, early filling of the draining veins, such as the portal vein, during the arterial phase and the early disappearance of pancreatic staining (13, 14) .
With respect to the management of pancreatic AVM, surgical therapy and conservative modalities, such as TAE, irradiation, transjugular intrahepatic portosystemic shunt (TIPS) or treatment of esophageal varices, have been applied (1, 3, 8) . Although surgical resection is the most common treatment modality and usually achieves a complete cure, it is not always feasible due to difficulties during surgery based on limitations regarding the size, location and accessibility of the AVM and/or the risk of massive hemorrhage (15). Parsaik et al. reported a perioperative mortality 2 (28.6 %) 6 (100 %) Categorical value was compared using Fisher's exact probability test. p value less than 0.05 was considered statistically significant. TAE: transcatheter arterial embolization rate of 5% for total pancreatectomy and postoperative problems (16) .
TAE is a valuable alternative treatment for high-risk patients who are not candidates for surgical resection and as an initial therapy for life-threating gastrointestinal bleeding, the most common complication of pancreatic AVM (17) . Furthermore, preoperative TAE is useful and effective for reducing the incidence of intraoperative bleeding, thereby improving surgical outcomes (18). However, the outcome of TAE can be unpredictable, as it is very difficult to embolize all of the multiple feeding arteries draining into the pancreatic AVM. Recurrent bleeding after successful TAE has been reported in up to 18-37% of patients waiting for surgery (19, 20) . Thirteen previous case reports of pancreatic AVM treated with TAE are summarized in Table (3 -5, 17, 19, 21-28) . Cases successfully treated with TAE alone were more common among patients without hemorrhage than those with hemorrhage. In contrast, all patients with hemorrhage treated with TAE required surgery. From this point of view, we consider that our patient was cured with TAE alone without surgery because he had no history of bleeding due to the pancreatic AVM. In this case, TAE with NBCA was effective in relieving the patient's abdominal pain by resolving the pancreatic AVM. As to embolic agents for TAE, metallic coils, gelatin sponges and liquid agents are commonly used in patients with AVMs in various organs. However, due to the small number of patients, the effects of each embolic agent applied in TAE for pancreatic AVM are not well investigated. Liquid embolic agents such as NBCA and ethylene vinyl alcohol (EVOH) copolymer can be used to embolize vessels in the more distal vasculature by traveling within the feeding arteries of the AVM, in comparison to that achieved with metallic coils or gelatin sponges (4, 29) . NBCA and EVOH are commonly used in TAE for AVMs in various organs, including the brain, kidney, uterus and extremities (30-35). In cases of renal AVMs, TAE with NBCA is more effective than TAE with coils alone (32) . Regarding the pancreas, TAE with NBCA has been safely applied in an animal model (36) . Therefore, in recently reported cases of pancreatic AVM, NBCA or EVOH has been used for TAE in combination with or without other embolic agents (3, 4) . However, it is important to be aware of the risk of complications caused by embolization with NBCA, such as bowel ischemia resulting from distal organ embolization (37, 38) . Therefore, in the present case, a balloon catheter was used for embolization in order to prevent reflux of the NBCA to the distal vascular bed. The current patient has been followed for only six months and requires long-term follow-up. If the pancreatic AVM recurs, appropriate therapies will be considered based on the clinical features of AVM and the patient's general condition.
In summary, the current patient had a pancreatic AVM that was successfully treated using TAE with NBCA without major complications related to distal organ embolization. Although the characteristics of the AVM, especially the presence or absence of hemorrhage, generally account for the outcomes of TAE in patients with pancreatic AVMs, embolic agents may also be important factors influencing the effects of TAE.
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